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Abstract 



PROBLEM TO BE SOLVED: To provide the silicon nitride substrate to which a metallic member is joined 
through a metallized layer and the polishing of which is not required and which has high thermal 
conductivity and excellent mechanical properties and shows excellent durability in a thermal cycle test 
and also to provide the manufacture of the substrate. 

SOLUTION: This substrate 1 consists of a silicon nitride sintered body which consists essentially of 
silicon nitride and also contains 2 to 10 mol.% (expressed in terms of oxide) of a group 3a element(s) of 
a Periodic Table, 2 to 20 mol.% (expressed in terms of Si02 ) of impurity oxygen and 0 to 0.5 mol.% 
(expressed in terms of oxide) of aluminum and has a thermal conductivity of >=60 W/m.K. Also, a 
metallized layer 8 is deposited and formed on a sintered skin surface(^oxide film surface of the 
substrate 1, so as to coat the surface. The sintered skin surface or oxicle film surface of the substrate 1 
is controlled so as to have a surface roughness (Rmax ) of 1 to 13 &mu m and a fracture toughness of 
>=6MPa.m<1/2> . Thus, the substrate 1 has excellent durability even when a metallic member 7 is 
joined to the surface of the metallized layer 8. 
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97. S 

95 

90 

82.5 

75 

62.5 



YbaOa 
YbaOs 
YbaOi 
YbaOi 
YbaO» 
YbiO. 



1 

.2 
4 
7 

10 
15 



1.5 
3 
S 

10.5 
15 
22.5 



1.5 
1.5 
1.5 
1.5 
1.5 
1.5 



0.1 
0.1 
0.1 
0.1 
0.1 
0.1 



1750 
.1750 
1750 
1750 
1750 
1750 



1350 
1850 

iaso 

1850 
1850 
1850 



N»+SiO 
Ni+SiO 
Nx+SiQ 
Ni+SiO 
Na+SiO 
Na+SlO 



90 
90 
90 



YbaO* 4 
YbaOa 4 
YbaO* 4 



1.5 
1.5 
1.5 



0.3 
0.5 
1.0 



1750 
1750 
1750 



1350 
1850 
1850 



Ni+StO 
Na+SiQ 
Ni+SiO 



92 
88 
84 
76 



YbiO. 4 

YbaOs 4 

YbaOj 4 

n 3 o, 4 



4 
8 

12 
20 



1.0 
2.0 
3.0 
5.0 



0.1 
0.1 
0.1 
0.1 



1750 
1750 
1750 
1750 



1350 
1850 
1850 
1850 



Ni+SiO 
Xa+SiO 
Na+SiO 
Na+SiO 



14 

15 
16 
17 
18 
19 
20 
21 
22 



90 
90 
90 
90 
90 
90 
90 
90 
90 



23 1 90 



YiOa 
ScaOs 

GdaOa 
NdaOa 
DyaOi 
HoaOa 
£raO> 
TnaOs 
LtiaOa 



6 
6 
6 
6 
6 
.6 
6 
6 
6 
6 



1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 



0.1 
O.I 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 



1750 
1750 
1750 
1750 
1750 
1750 
1750 
I75G 
1750- 
1750 



1850 
1850 
1850 
1850 
1850 
1850 
1850 
1S50 
1850 
1850 



Xi+SiO 
Ki+SiO 
Hs+SiO 
Xa+SiO 
Xa+SiO 
Xa+SiO 
X 3 +Si0 
Xa+SiO 
Na+SiO 
Xa+SiO 
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J 

Si>N« 


Si 
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RE: 

(0 


I 

tOi 

(2) 
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SiOa 
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| AlaOa 

(MAX) 




(TC) 
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SiO 
CC) 


&m ma 

(C) (hr) 


24 
25 
26 
27 
28 


90 
90 
90 
90 
90 


0 
0 
0 
0 
0 


YbtOi 2 
YbiO, 2 
EraOi .2 
YbaOa 2 
YaOj 2 


LuaGa 2 
EnOi 2 
LusOj 2 
YiOa 2 
LuaOa 2 


6 
6 
6 
6 
6 


1.5 
1.5 
1.5 
1.5 
1.5 


0. 1 
0. 1 
0. I 
0. 1 
0. 1 


1750 
1750 
1750 
1750 
1750 


1360 
1850 
1850 
1850 
1850 


Na+SiO 
N 3 +Si0 
Na+SiO 
Na+SiO 
Xx+SlO 
















29 
30 
31 
32 


70 
40 
20 
4 


20 
50 
70 
86 


YbxOi 4 
YfaiOi 4 

YbaO, 4 

YbaOa 4 




6 
6 
6 
6 


1.5 
1.5 
1.5 
1.5 


0. 1 
0. 1 
0. 1 
0. 1 


1750 
1750 
1750 
1750 


1850 
1850 
1850 
1850 


Na+SiO 
Na+SiO 
Xa+SiO 
Na+SiO 






















o 33 
34 
35 
3G 
37 


90 
90 
90 
90 
90 


0 
0 
0 
0 
0 


Yba0» 4 
YbaO, 4 
YbaO* 4 
YbaO> 4 
YbiO» 4 




6 
6 
6 
6 
6 


1.5 
1.5 
1.5 
1.5 
1.5 


0. 1 
0. I 
0.1 
0.1 
0.1 


1300 
1400 
1500 
1650 
1750 


1850 

iaso 

185Q 
1850 
1950 


N»4SiO 

Xa+SiO 

Xa+SiO 
Xa+SiO 

Xa+SiO 




























* 38 

* 39 
o 40 


90 
90 
90 


0 
0 
0 


Yb»Oi 4 
YbaO. 4 
YbaOa 4 




6 
6 
6 


1.5 
1.5 
1.5 


0.1 
0. 1 
0.1 


1600 
1750 


1750 
1350 


Xa+SiO 

Xa+SiO 
K,+SiO 
















41 
42 
43 


90 
90 
90 


G 
0 
0 


YbiO. 4 
YbiOi 4 
YbaOa 4 




6 
6 
6 


1.5 
1.5 
1.5 


0.1 
0.1 
0.1 


1750 
1750 
1750 


1850 
1850 
1850 


Na 
Na 
Ha 


1300 
1500 
1600 
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No. 



44 
45 
46 
47 



48 
49 
50 



BE>0i 

SiaN* Si (1) . (2) 



90 
90 
90 
90 



90 
90 
90 



YbiO* 
YbaOi 

YbaO* 



YiOi 

Yb,0* 

Yb»0» 



SiO: 



SiOa 
HEiO. 



J AlsOi 



1.5 
1.5 
1.5 
1.5 



1.5 
1.5 
1.5 



0.1 
0.1 
0.1 
0.1 



0.1 
O.I 

0.1 



Bl 552 



1750 
1750 
1750 
1750 



1750 
1750 
1750 



1850 
18S0 
1850 
1850 



1850 
1850 
1850 



SiO 
OS) 



1600 



BNfc&JI 
OS) (br) 



800X 10 
900X 10 
800 X 72 
900 X 10 
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urn 

No. 



95 

98 

100 

100 

100 

100 



LOO 
100 
100 



100 
100 
100 
100 



100 
100 
100 
100 
100 
100 
100 
100 
100 
100 



J* 



55 
60 
75 
70 
65 
50 



70 
65 
50 



Raajt 



L5 

10 

7 

10 

L2 

14 



70 
73 
75 
70 



63 
65 
65 
65 
66 
70 
70 
73 
75 
75 



(MPa) 



490 
580 
650 
620 
570 
530 



650 
660 
680 



8 
7 
9 
6 
8 
9 
7 
8 
6 
4 



640 
700 
640 
600 



590 
600 
600 
620 
630 
630 
630 
650 
650 
670 



(MPa • n 1 ' 1 ) 



6.2 
6.3 
7.3 
7.0 
6.5 
6.0 



7.1 
7,0 
6.5 



6.8 
7.3 
7.2 
7.0 



7.3 
7.2 
7.1 
7.2 
7.3 
7.3 
7.0 
7.4 
7.3 
7.5 



YAH 
YAM 
YAM 
YAM 
YAM 
YAM 



YAM 
YAM 
YAM 



YAM 
YAM 
YAM 
YAM 
YAM 
YAM 
YAM 
YAM 
YAM 
YAH 



u 

19 
20 
20 
20 
20 



20 
20 
20 



20 
20 
20 
20 



20 
20 
20 
20 
20 
20 
20 
20 
20 
20 



mm 



3000fel± 

2200 

2500 

3000 JSU: 
3000UJ: 
1800 



3000J&J: 
3000J3t_h 
3000£Ui 



3000#± 
3000J3t_t 
3000fit_t 
3000«_b 



30002U: 
3000J£J: 
3000J*_h 
3000#± 
3000J5t_h 
3O00iX_h 
3O0OCU; 
3000SU: 
3000 J3t± 
3000 SLt 
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rut 




ifltjT 








urn 


No. 








ass 










(%) 


(W/dI) 




(UPa)- 


(HPa- d 1 ^ 1 ) 




<%) 




24 


100 


75 


5 


660 


7.4 


YAM 


20 


3000#_t 


25 


100 


73 


6 


640 


7.3 


YAH 


20 


3000 JSC ±. 


26 


100 


73 


A 
H 


CCA 


7.4 


YAM 


20 


3000 


27 


100 


70 


8 


620 


7.1 


YAH 


20 


3000St± 


28 


100 


70 


6 


630 


7.2 


YAH 


20 


3000 JSC _£ 


29 


100 


in 


o 


640 


7. 3 


YAM 


16 


3000 fit _fc 


30 


100 


75 


7 


640 


7.4 


YAM 


10 


3000 J&_t 


31 


100 


70 


6 


620 


7.2 


YAM 


7 


3000% J: 


32 


98 


65 


8 


580 


7.0 


YAH 


5 


3000J3t_t 


o 33 


95 


50 


8 


400 


6. I 


YAM 


14 


1600 


34 


98 


60 


8 


500 


6.3 


YAM . 


20 


2300 


35 


100 


63 


8 


550 


6.5 


YAM 


20 


2800 


36 


100 


70 


9 


600 


7.1 


YAM 


20 


3000 J^_t 


37 


100 


78 


8 


620 


7.3 


YAH 


20 


3000£t± 


« 35 


92 


45 


L6 


430 


6.0 


YAM 


20 




- 39 


90 


40 


17 


390 


5.8 


YAM 


20 




• 40 


90 


40 


20 


400 


5.9 


YAM 


20 




41 


100 


75 


7 


650 


7.8 


YAM 


20 


3000 &± 


42 


100 


75 


7 


660 


8.2 


YAM 


20 


3000 J^_h 


43 


100 


75 . 


8 


700 


8.5 


YAM 


20 


3000JSt± 
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tea 






Raax 












No. 












USX 




(%) 


Of/aX) 




. (HPa) 


(MPa • id 1 -") 




i%) 


(0) 


44 


100 


75 


9 


720 


9.0 


YAM 


20 


3000J5U: 


45 


100 


75 


8 


750 


10.0 


YAM 


20 


3000J&U: 


46 


100 


70 


7 


730 


9.5 


YAM 


20 


3000JSIJ: 


47 


100 


73 


9 


750 


10.2 


YAM 


20 


3000SU: 


* 48 


100 


70 


22 


400 


5.3 


Wit 


20 




» 49 


100 


72 


23 


380 


5.0 




20 




o 5Q 


100 


72 


20 


410 


5.2 


Wi\ 


20 
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